Introduction {#sec1}
============

α-Keto ester derivatives are important not only because they are present in many biologically and medicinally important organic molecules^[@ref1]−[@ref4]^ but also because α-keto esters are immediate precursors to other important organic compounds such as α-hydroxy acids and α-amino acids. α-Keto esters also have important applications in other organic synthesis including the synthesis of heterocycles.^[@ref5]^ Introduction of an α-keto ester functional group is therefore of great importance, and various methods have been developed for this purpose.^[@ref5],[@ref6]^

One of the most straightforward methods involves the use of readily accessible and inexpensive ethyl chlorooxoacetate that already possesses the α-keto ester functionality. There are two common ways to utilize this reagent. One involves the coupling of an organometallic reagent with ethyl chlorooxoacetate,^[@ref7]^ but the drawback is that the commonly used organometallic reagents such as Grignard reagents are too reactive so the reaction has to be performed at very low temperatures or side products may be expected. The other is through the Friedel--Crafts acylation reaction of arenes with ethyl chlorooxoacetate.^[@ref8]−[@ref11]^ This method suffers from a limited substrate scope because of issues of reactivity and selectivity associated with Friedel--Crafts acylation and the use of excess amounts of strong Lewis acids. A potentially more attractive method is the transition metal-catalyzed C--H acylation^[@ref12]^ reaction with ethyl chlorooxoacetate as the acylating reagent. However, so far, there has been no report of such a transition metal-catalyzed C--H acylation reaction to synthesize α-keto esters.

The challenge with using ethyl chlorooxoacetate in the transition metal-catalyzed C--H acylation reaction or cross coupling is probably the decarbonylation side reaction. In fact, decarbonylation is so common that it has been frequently exploited in metal-catalyzed decarbonylative coupling reactions.^[@ref12]−[@ref16]^ For example, in an attempt to synthesize α-keto esters through Pd-catalyzed acylation with ethyl glyoxylate as the acylating reagent and *tert*-butyl hydrogen peroxide as the oxidant, the desired product was not formed, but interestingly, the decarbonylative product was formed exclusively.^[@ref16]^ Herein, we report a highly efficient method to introduce an α-keto ester functional group to 2-aryloxypyridines through platinum-catalyzed direct C--H functionalization with ethyl chlorooxoacetate. It should be noted that aryl heteroaryl ethers are frequently found in biologically active compounds.^[@ref17]−[@ref19]^ There has been considerable interest in modifying aryl heteroaryl ethers through transition metal-catalyzed C--H functionalization reactions,^[@ref20]−[@ref35]^ where the heteroaryl also serves as the directing group.

Results and Discussion {#sec2}
======================

We have recently reported a unique Pt-catalyzed C--H acylation reaction with acyl chlorides,^[@ref31]^ which, unlike other transition metal-catalyzed C--H acylation reactions, requires neither an oxidant nor additives. The reaction is accelerated with more electron-deficient acyl chlorides. We hypothesized that a chlorooxoacetate ester should possess higher reactivity because the electron-withdrawing ester group would make the carbonyl chloride more electron deficient. Although there was a concern of troublesome decarbonylation mentioned above, we performed the Pt-catalyzed C--H acylation reaction of 2-(naphthalen-2-yloxy)pyridine (**1a**) with ethyl chlorooxoacetate under the optimized conditions for the previous acylation reaction.^[@ref31]^ To our delight, the reaction proceeded smoothly and was nearly complete within 1 h, producing the desired α-keto ester **2a** ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}). The α-keto ester group was introduced to the 3-position of the naphthyl ring. The 1-position is obviously more sterically hindered. The reaction was very clean, and the gas chromatography (GC) analysis of the crude reaction mixture showed only the product peak along with a very small amount of starting material. However, initially, the product was isolated in only 57% yield. We attributed the low isolated yield to the possibility that some of the product **2a** might have remained coordinated to the platinum after the reaction was complete. Indeed, when the reaction mixture was treated with pyridine before normal aqueous workup, where a ligand exchange with pyridine is expected to release the product **2a** from the platinum, the isolated yield was improved to 76% ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}).

![Pt-Catalyzed C--H Acylation of **1a** with Ethyl Chlorooxoacetate](ao0c00982_0001){#sch1}

Another interesting finding is that *cis*-Pt(PhCN)~2~Cl~2~^[@ref36]^ was more reactive than *trans*-Pt(PhCN)~2~Cl~2~^[@ref37]^ in catalyzing this C--H acylation reaction. Although the reaction with *cis*-Pt(PhCN)~2~Cl~2~ as the catalyst resulted in 80% conversion in 1 h, the use of the *trans*-Pt(PhCN)~2~Cl~2~ achieved only about 30% conversion under the same conditions. The cause of the different reactivities of the two isomeric platinum complexes is not clear, and further mechanistic study is necessary to unveil this factor. In sharp contrast, palladium complexes including PdCl~2~, Pd(MeCN)~2~Cl~2~, and Pd(OAc)~2~ have been tested, but no reaction was observed under otherwise the same conditions. In a recent report on palladium-catalyzed C--H acylation of 1-naphthylamines with acyl chloride, it was also demonstrated that without a base additive such as NaOAc, the palladium catalyst alone was not effective at all.^[@ref38]^ The possible reason for the failure of palladium catalysts could be that the 2-aryloxypyridines may not undergo cyclometalation with PdCl~2~ under the reaction conditions.^[@ref39]^

The reaction worked well with a variety of 2-aryloxypyridines. As shown in [Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}, for ortho-substituted 2-phenoxypyridines (**1b--1f**), the α-keto ester group was introduced to the other ortho position selectively in high yields (**2b--2f**, 75--87% yields). Substituents ranging from strongly electron-donating groups (MeO, **1b**) to strongly electron-withdrawing groups (NO~2~, **1f**) are well accommodated. All reactions were completed within 1--2 h. For the meta-substituted 2-aryloxypyridines (**1g--1j**) also, only one α-keto ester group was introduced to the ortho position that is less sterically hindered (**2g--2j**). Yields were generally high except for the substrates with a strongly electron-withdrawing group such as an ester group (**2j**). In particular, 2-(3-nitrophenoxy)pyridine (**1k**) did not undergo the Pt-catalyzed acylation reaction to give **2k** (0%) under the same conditions. It appeared that the electronic effect of the meta-substituents is more pronounced than that of ortho-substituents of the aryloxypyridines. Substrates with multiple substituents (**1l--1o**) also participated in the reaction to give the desired products in high yields (**2l--2o**, 71--84% yields). The reaction of 2-(2,3,5-Trimethylphenoxy)pyridine (**1p**) did not produce the acylated product **2p** (0% yield), clearly indicating that the meta-substituent prevents the acylation from occurring at its adjacent ortho position of the phenyl ring because of the steric effect. Although a more thorough screening of substrates is desirable, we noticed that 2-phenylpyridine and acetanilide did not undergo the Pt-catalyzed C--H acylation reaction.

![Pt-Catalyzed Monoacylation of 2-Aryloxypyridines with Ethyl Chloroacetate](ao0c00982_0002){#sch2}

For 2-phenoxypyridine (**3b**) and para-substituted 2-aryloxypridines (**3a**, **3c**, and **3d**), two α-keto ester groups were introduced to both ortho positions to give di-α-keto esters **4a--4d** in 65--87% yields ([Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}). Methoxy, bromo, and ester groups are tolerated in this double acylation reaction. Double acylation proceeded smoothly under the same reaction conditions used for monoacylation and were completed within 1--3 h. However, the more strongly electron-withdrawing cyano group (**3e**) prohibited the reaction. In this case, neither double acylation nor monoacylation reaction took place. This is in sharp contrast to the acylation of ortho-substituted 2-aryloxypyridines (**1b--1f**), in which both cyano- and nitro-substituted substrates **1e** and **1f** underwent acylation smoothly to give the desired α-keto ester **2e** and **2f** in high yields. One possible explanation is that the ortho-substituents do not exert efficient electronic effect, especially the resonance effect, because of the steric hindrance.

![Pt-Catalyzed Diacylation of 2-Aryloxypyridines with Ethyl Chlorooxoacetate](ao0c00982_0003){#sch3}

Tolerance of strongly electron-withdrawing groups CN and NO~2~ at the ortho position of 2-phenoxypyridine is highly interesting. Normally, electron-withdrawing groups retarded the acylation reaction, which is obvious with the meta- and para-substituted substrates because **2l** (with the NO~2~ group) and **4e** (with the CN group) were not formed. For the ortho-substituted 2-aryloxypyridines, it is difficult to tell the difference in reactivity between different substrates as their reactions were all complete within about an hour. Therefore, we carried out a competition experiment to assess the electronic effect of the substituents. As shown in [Scheme [4](#sch4){ref-type="scheme"}](#sch4){ref-type="scheme"}, when equal molar amounts of **1b** (with a Me group) and **1f** (with a NO~2~ group) were combined in the same reaction vessel and reacted with ethyl chlorooxoacetate in the presence of the Pt catalyst, **2b** and **2f** were formed in the 1.8:1 ratio with a combined yield of 42%. This experiment clearly demonstrated that the electron-withdrawing group decelerated the reaction.

![Competing Acylation Reactions of **1b** and **1f** with Ethyl Chlorooxoacetate](ao0c00982_0004){#sch4}

A catalyst loading of 10 mol % is necessary to achieve a high conversion. Lowering the catalyst loading to 5% led to less than 50% conversion even with a longer reaction time as the reaction became extremely slow after the first 1--2 h. There may be two contributing factors here: (1) the HCl generated from the reaction protonates the substrate and prevents the substrate from coordinating to the platinum and (2) the acylated product competes with the substrate coordinating to the platinum. It is hypothesized that the addition of a suitable HCl scavenger may be beneficial to the reaction. A few inorganic and organic bases were tested in the reaction of **1a**, and it was found that the addition of 3 equiv of potassium carbonate allowed to achieve a reasonable conversion with reduced catalyst loading (5 mol %), albeit at the cost of a longer reaction time ([Scheme [5](#sch5){ref-type="scheme"}](#sch5){ref-type="scheme"}). A few other substrates were also tested in this reaction. The results are summarized in [Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"} and compared with those obtained in the absence of a base. It can be seen from the table that reactions with the use of 3 equiv of K~2~CO~3~ and 5 mol % of the platinum catalyst gave either comparable or slightly lower yields, but longer reaction time (12 h) is required. It is noteworthy that in the presence of K~2~CO~3~, product degradation is minimized, allowing a longer reaction time. Without K~2~CO~3~, a longer reaction time resulted in product degradation. For example, without a base, the reaction of **1a** with ethyl chlorooxoacetate in the presence of 10 mol % of the catalyst for 12 h produced **2a** in 53% yield, while the 1 h reaction produced **2a** in 76% yield. If the catalyst loading was lowered to 5%, the reaction produced **2a** in only 39% yield. These results also suggested that the acid HCl generated from the reaction may be responsible for product degradation. Indeed, when acylated product **2a** was mixed with 1 equiv of HCl (from concentrated hydrochloric acid) in chlorobenzene and refluxed for 1, 3, and 12 h, the product loss values of 5, 21, and 38% were observed, respectively. However, the degradation products were not identified because the NMR spectra of the mixtures showed very messy signals and thin-layer chromatography (TLC) did not show any significant spots that were isolatable. Sodium carbonate was much less effective, and cesium carbonate inhibited the reaction. Pyridine also inhibited the reaction, presumably because of the more favorable coordination of pyridine to the platinum than that of the substrate.

![Pt-Catalyzed C--H Acylation Reaction in the Presence of K~2~CO~3~](ao0c00982_0005){#sch5}

###### Comparison of the Yields of Acylated Products in the Presence or Absence of K~2~CO~3~[a](#t1fn1){ref-type="table-fn"}

           with K~2~CO~3~ (3 equiv)   without base                  
  -------- -------------------------- -------------- ---- ---- ---- ----
  **2a**   5                          12             79   5    12   39
           10                         12             87   10   12   53
                                                          10   1    76
  **2b**   5                          12             70   10   1    75
  **2c**   5                          12             76   10   2    87
  **2e**   5                          12             73   10   1    84
  **4a**   5                          12             69   10   3    75
  **4b**   5                          12             70   10   3    85

Yields are isolated yields.

Following the successful introduction of the α-keto ester functional group through the Pt-catalyzed direct C--H acylation reaction, it became necessary to explore the introduction of β- and γ-keto ester functionalities with ethyl malonyl chloride and ethyl succinyl chloride as the acylating reagents, respectively. It was discovered that although the γ-keto esters can be synthesized successfully ([Scheme [6](#sch6){ref-type="scheme"}](#sch6){ref-type="scheme"}), the use of ethyl malonyl chloride failed to produce the β-keto esters. The reaction of 2-(2-methylphenoxy)pyridine **1b** with ethyl malonyl chloride in the presence of Pt(PhCN)~2~Cl~2~ under reflux for 3 h produced a dark orange/black mixture, and TLC and GC analysis of the reaction mixture showed that the starting material **1b** remained, while no new product formation could be detected. A potential cause might be the instability of ethyl malonyl chloride because of the acidic protons on the α-carbon, which can be deprotonated by the basic 2-aryloxypyridine to form a ketene.^[@ref40]^ The reaction of **1b** with ethyl succinyl chloride proceeded to form the desired γ-keto ester **5** in 63% yield ([Scheme [6](#sch6){ref-type="scheme"}](#sch6){ref-type="scheme"}).

![Platinum-Catalyzed C--H Acylation with Ethyl Malonyl Chloride and Succinyl Chloride](ao0c00982_0006){#sch6}

A competition experiment was designed ([Scheme [7](#sch7){ref-type="scheme"}](#sch7){ref-type="scheme"}) to compare the relative reactivity of ethyl chlorooxoacetate and ethyl succinyl chloride. 2-(2-Methylphenoxy)pyridine (**1b**) was selected as the substrate for the competing reaction because the ^1^H NMR signals of the methyl group in the reactant **1b** and the products **2b** and **5** are very well separated for an accurate analysis. The reaction of **1b** with ethyl chlorooxoacetate (0.5 equiv) and ethyl succinyl chloride (0.5 equiv) in the presence of cis-Pt(PhCN)~2~Cl~2~ (5 mol %) in chlorobenzene under reflux was run for 0.5 h and stopped. The crude mixture was analyzed using the ^1^H NMR spectrum of the reaction mixture, which showed that the ratio of **2b** and **5** was 9 to 1, with a total of 41% conversion. This result is consistent with our previous observation that more electrophilic acyl chlorides are more reactive.^[@ref31]^ In ethyl chlorooxoacetate, the ester group exhibits a stronger electron-withdrawing effect, making the acyl chloride more electrophilic. In ethyl succinyl chloride, the ester group is separated from the acyl chloride by two methylene groups, thus having a weaker electron-withdrawing ability only through an inductive effect.

![Competing Acylation Reactions of **1b** with Ethyl Chlorooxoacetate and Ethyl Succinyl Chloride](ao0c00982_0007){#sch7}

This reaction likely follows the similar mechanism to the Pt-catalyzed direct C--H acylation reaction reported previously.^[@ref31]^ As demonstrated by our previous studies on the regiospecific acylation of cycloplatinated complexes,^[@ref41],[@ref42]^ the reaction probably proceeds through two distinct steps: platinum-promoted C--H activation to form the cycloplatinated complex and the subsequent acylation reaction of the formed cycloplatinated complex. Based on our recent theoretical investigation^[@ref43]^ of the acylation of a cycloplatinated complex, a plausible mechanism is proposed for the Pt-catalyzed acylation reaction of **1b** ([Scheme [8](#sch8){ref-type="scheme"}](#sch8){ref-type="scheme"}). The coordination of **1b** to platinum forms the coordination complex **A**, which undergoes C--H activation to produce the cyclometalated complex **B**. The nucleophilic substitution of the ethyl chlorooxoacetate gives a five-coordinate acylplatinum complex **C**. The acyl group then undergoes subsequent 1,2-migration from the platinum to the metalated carbon, forming a cationic Pt-arene η^2^-complex **D**. This is followed by the ligand exchange with chloride, forming a more stable, neutral Pt-arene η^2^-complex **E**. Dissociation of the neutral Pt-arene complex occurs through ligand exchange to produce a coordination complex **F**. Finally, **F** undergoes the ligand exchange with **2b** to release the acylated product **2b** and regenerate **A**. Based on the structure of **D**, we suspect that the substituent effect may influence both carbons that bond to the platinum, which also explains the more significant substituent effect of electron-withdrawing groups at either the meta position or the para position of 2-phenoxypyridine (e.g., **1e** and **3e**). Detailed investigations on the reaction mechanism are currently underway, and the results will be reported in due course.

![Proposed Mechanism of Pt-Catalyzed Acylation of **1b**](ao0c00982_0008){#sch8}

Experimental Section {#sec3}
====================

General Experimental Information {#sec3.1}
--------------------------------

All reactions involving moisture- and/or oxygen-sensitive compounds were carried out under an argon atmosphere and anhydrous conditions. All anhydrous solvents used were purchased and used as received. *cis*-Pt(PhCN)~2~Cl~2~^[@ref36]^ and *trans*-Pt(PhCN)~2~Cl~2~^[@ref37]^ were prepared according to literature procedures. Aryloxypyridines **1a--1p** and **3a--3e** were prepared using a literature procedure.^[@ref44]^ Compounds **1m**, **1n**, and **1p** are new compounds and were fully characterized. All other reagents were purchased and were used as received. Thin layer chromatography was performed with silica gel 60 F~254~ plates. Gas chromatography was performed on a Shimadzu GC-2010 AFC equipped with an FID detector. ^1^H and ^13^C NMR spectra were recorded on a Bruker 400 MHz spectrometer at 298 K using CDCl~3~. Chemical shifts were reported relative to TMS (0.0 ppm for ^1^H) and chloroform-*d* (77.0 ppm for ^13^C). Elemental analyses were performed at Atlantic Microlab, Norcross, GA. Mass spectra were measured on a Waters UPLC/Micromass Quadrupole-ToF mass spectrometer. Melting points were measured on a Mel-temp apparatus.

### Synthesis of 2-(4-Chloro-2-methoxyphenoxy)pyridine (**1m**) {#sec3.1.1}

#### General Procedure A^[@ref44]^ {#sec3.1.1.1}

A 250 mL, three-necked round-bottom flask with a condenser was dried and purged with argon and then charged with 4-chloro-2-methoxyphenol (5.71 g, 36 mmol), 2-bromopyridine (4.74 g, 30 mmol), CuI (0.57 g, 3 mmol), picolinic acid (0.74 g, 6 mmol), K~3~PO~4~ (12.70 g, 60 mmol), and anhydrous dimethyl sulfoxide (60 mL). The mixture was stirred and heated at 90 °C under argon for 24 h. The mixture was cooled to room temperature and quenched with H~2~O (100 mL). The aqueous layer was extracted with ethyl acetate (3 × 50 mL). The combined organic layer was washed with H~2~O (3 × 50 mL), 3 M NaOH (2 × 10 mL), and brine (3 × 25 mL) and dried over anhydrous Na~2~SO~4.~ The organic solution was filtered, concentrated via a rotary evaporator, and purified by recrystallization from hexanes. Light brown solid, 4.98 g, 70.6% yield. mp 66--68 °C. ^1^H NMR (400 MHz, CDCl~3~): δ 8.15 (dd, *J* = 3.6, 1.3 Hz, 1H), 7.72--7.66 (m, 1H), 7.09 (d, *J* = 8.3 Hz, 1H), 7.02--6.94 (m, 4H), 3.77 (s, 3H). ^13^C NMR (100 MHz, CDCl~3~): δ 163.5, 152.4, 147.5, 141.3, 139.3, 130.8, 123.9, 121.0, 118.3, 113.6, 110.9, 56.3. MS: calcd for C~12~H~11~ClNO~2~ (M + H^+^), 236.7; found, 236.6. Anal. Calcd for C~12~H~10~ClNO~2~: C, 61.16; H, 4.28; N, 5.94. Found: C, 60.96; H, 4.42; N, 5.85.

### Synthesis of 2-(4-Bromo-2-chlorophenoxy)pyridine (**1n**) {#sec3.1.2}

This compound was synthesized according to General Procedure A and purified via column chromatography on silica gel with hexanes--ethyl acetate (v/v = 4:1): yellow solid, 69.1% yield. mp 65--67 °C. ^1^H NMR (400 MHz, CDCl~3~): δ 8.18--8.13 (m, 1H), 7.78--7.70 (m, 1H), 7.65 (d, *J* = 2.4 Hz, 1H), 7.45 (dd, *J* = 6.3, 2.3 Hz, 1H), 7.13 (d, *J* = 8.6 Hz, 1H), 7.06--7.00 (m, 2H). ^13^C NMR (100 MHz, CDCl~3~): δ 162.7, 149.2, 147.5, 139.7, 133.2, 131.0, 128.6, 125.2, 118.9, 118.2, 111.3. MS: calcd for C~11~H~8~BrClNO (M + H^+^), 236.0, 238.0; found, 236.1, 238.1. Anal. Calcd for C~11~H~7~BrClNO: C, 46.43; H, 2.48; N, 4.92. Found: C, 46.37; H, 2.44; N, 4.99.

### Synthesis of 2-(2,3,5-Trimethylphenoxy)pyridine (**1p**) {#sec3.1.3}

This compound was synthesized according to General Procedure A and purified via column chromatography on silica gel with hexanes--ethyl acetate (v/v = 4:1): brown solid, 76.4% yield. mp 54--56 °C. ^1^H NMR (400 MHz, CDCl~3~): δ 8.23--8.19 (m, 1H), 7.70--7.64 (m, 1H), 6.93--6.87 (m, 1H), 6.89 (s, 1H), 6.85 (d, *J* = 8.3 Hz, 1H), 6.75 (s, 1H), 2.30 (s, 6H), 2.05 (s, 3H). ^13^C NMR (100 MHz, CDCl~3~): δ 164.2, 152.0, 148.0, 139.3, 138.3, 136.1, 127.8, 126.1, 120.0, 117.7, 110.6, 20.95, 20.1, 12.2. MS: calcd for C~14~H~16~NO (M + H^+^), 214.1; found, 214.2. Anal. Calcd for C~14~H~15~NO: C, 78.84; H, 7.09; N, 6.57. Found: C, 79.00; H, 7.24; N, 6.56.

### Synthesis of Ethyl 2-(2-(Pyridin-2-yloxy)naphth-3-yl)-2-oxoacetate (**2a**) {#sec3.1.4}

#### General Procedure B for the Pt-Catalyzed Acylation Reaction {#sec3.1.4.1}

A 50 mL, three-necked round-bottom flask equipped with a condenser was dried and purged with argon and then charged with 2-(naphthalen-2-yloxy)pyridine (222 mg, 1 mmol), *cis*-Pt(PhCN)~2~Cl~2~ (47 mg, 0.1 mmol), ethyl chlorooxoacetate (0.34 mL, 3 mmol), and anhydrous chlorobenzene (4 mL). A drying tube was placed on the top of the condenser, and the mixture was stirred and heated at reflux for 1 h. The temperature was lowered to 100 °C, and pyridine (1.0 mL) was added dropwise to the reaction mixture. After being stirred for 1 h, the mixture was cooled to room temperature and filtered through a pad of Celite. The filtrate was transferred to a 250 mL separatory funnel, H~2~O (20 mL) was added, and the aqueous layer was extracted with dichloromethane (3 × 15 mL). The organic layers were combined, dried over Na~2~SO~4~, filtered, and concentrated via a rotary evaporator. The product was purified via column chromatography on silica gel with hexanes--ethyl acetate (v/v = 3:1) as the eluting solvent, yellow solid, 245.5 mg, 76.4%. mp 76--77.0 °C. ^1^H NMR (400 MHz, CDCl~3~): δ 8.57 (s, 1H), 8.22 (dd, *J* = 5.0, 1.7 Hz, 1H), 8.00 (d, *J* = 8.1, 1H), 7.82--7.75 (m, 2H), 7.64--7.59 (m, 2H), 7.56--7.50 (m, 1H), 7.12--7.07 (m, 1H), 7.01(d, *J* = 8.2, 1H), 4.19 (q, *J* = 7.1 Hz, 2H), 1.21 (t, *J* = 7.1 Hz, 3H). ^13^C NMR (100 MHz, CDCl~3~): δ 186.1, 164.2, 162.9, 149.9, 147.7, 139.8, 136.8, 133.4, 130.1, 129.7, 129.5, 127.4, 126.4, 126.3, 119.4, 118.9, 112.0, 62.2, 13.9. MS: calcd for C~19~H~16~NO~4~ (M + H^+^), 322.1; found, 322.3. Anal. Calcd for C~19~H~15~NO~4~: C, 71.02; H, 4.71; N, 4.36. Found: C, 71.08; H, 4.87; N, 4.32.

### Synthesis of Ethyl 2-(3-Methyl-2-(pyridin-2-yloxy))phenyl-2-oxoacetate (**2b**) {#sec3.1.5}

Purified via column chromatography on silica gel with hexanes--ethyl acetate (v/v = 4:1): yellow oil, 74.5% yield. ^1^H NMR (400 MHz, CDCl~3~): δ 8.13 (dd, *J* = 6.3, 2.5 Hz, 1H), 7.86 (dd, *J* = 6.8, 4.0 Hz, 1H), 7.77--7.71 (m, 1H), 7.56 (dd, *J* = 6.6, 1.0 Hz, 1H), 7.36--7.29 (m, 1H), 7.04--6.99 (m, 1H), 6.93 (d, *J* = 9.0 Hz, 1H), 4.16 (q, *J* = 7.8 Hz, 2H), 2.1 (s, 3H), 1.21 (t, *J* = 8.1 Hz, 3H). ^13^C NMR (100 MHz, CDCl~3~): δ 164.5, 162.7, 152.1, 147.6, 139.7, 137.6, 132.6, 128.7, 127.92, 125.8, 118.7, 110.6, 62.0, 16.6, 13.9 (the signal for the keto carbon is too weak to be assessed). MS: calcd for C~16~H~16~NO~4~ (M + H^+^), 286.1; found, 286.1. Anal. Calcd for C~16~H~15~NO~4~: C, 67.36; H, 5.30; N, 4.91. Found: C, 67.08; H, 5.31; N, 4.83.

### Synthesis of Ethyl 2-(3-Chloro-2-(pyridin-2-yloxy))phenyl-2-oxoacetate (**2c**) {#sec3.1.6}

Purified via column chromatography on silica gel with hexanes--ethyl acetate (v/v = 3:1): yellow oil, 87.0% yield. ^1^H NMR (400 MHz, CDCl~3~): δ 8.01 (dd, *J* = 5.0, 2.0 Hz, 3H), 7.83 (dd, *J* = 7.9, 1.5 Hz, 2H), 7.70--7.61 (m, 2H), 7.28 (t, *J* = 8.0 Hz, 1H), 6.98--6.89 (m, 2H), 4.06 (q, *J* = 7.2 Hz, 1H), 1.11 (t, *J* = 7.2 Hz, 1H). ^13^C NMR (100 MHz, CDCl~3~): δ 185.1, 162.8, 161.2, 149.0, 146.3, 138.8, 135.8, 128.8, 128.2, 128.1, 125.5, 118.3, 109.9, 61.2, 12.8. MS: calcd for C~15~H~12~ClNO~4~ (M + H^+^), 306.1; found, 306.0. Anal. Calcd for C~15~H~12~ClNO~4~: C, 58.93; H, 3.96; N, 4.58. Found: C, 58.94; H, 4.11; N, 4.51.

### Synthesis of Ethyl 2-(3-Ethoxycarbonyl-2-(pyridin-2-yloxy))phenyl-2-oxoacetate (**2d**) {#sec3.1.7}

Purified via column chromatography on silica gel with hexanes--ethyl acetate (v/v = 2:1): clear oil, 74.8% yield. ^1^H NMR (400 MHz, CDCl~3~): δ 8.26 (dd, *J* = 8.0, 4.0 Hz, 1H), 8.15 (dd, *J* = 6.4, 2.56 Hz, 1H), 8.08--8.08 (m, 1H), 7.79--7.73 (m, 1H), 7.48 (t, *J* = 7.7 Hz, 1H), 7.05--6.98 (m, 2H), 4.14--4.02 (m, 4H), 1.19 (t, *J* = 7.4 Hz, 3H), 1.06 (t, *J* = 7.6 Hz, 3H). ^13^C NMR (100 MHz, CDCl~3~): δ 186.0, 164.5, 163.8, 163.0, 152.5, 147.0, 139.6, 137.3, 134.5, 129.3, 126.2, 125.5, 118.9, 111.1, 62.1, 61.3, 13.8. MS: calcd for C~18~H~18~NO~6~ (M + H^+^), 344.1; found, 344.1. Anal. Calcd for C~18~H~17~NO~6~: C, 62.97; H, 4.99; N, 4.08. Found: C, 62.73; H, 5.17; N, 4.22.

### Synthesis of Ethyl 2-(3-Cyano-2-(pyridin-2-yloxy))phenyl-2-oxoacetate (**2e**) {#sec3.1.8}

Purified via column chromatography on silica gel with hexanes--ethyl acetate (v/v = 2:1): yellow solid, 84.2% yield. mp 71--73 °C. ^1^H NMR (400 MHz, CDCl~3~): δ 8.21 (dd, *J* = 6.5, 3.5 Hz, 1H), 8.12 (dd, *J* = 7.2, 3.2 Hz, 1H), 7.95 (dd, *J* = 7.9, 4.0 Hz, 1H), 7.81 (td, *J* = 7.0, 3.2 Hz, 1H), 7.51 (t, *J* = 8.5 Hz, 1H), 7.16--7.09 (m, 2H), 4.17 (q, *J* = 7.9 Hz, 2H), 1.22 (t, *J* = 7.9 Hz, 3H). ^13^C NMR (100 MHz, CDCl~3~): δ 183.6, 163.1, 161.9, 155.2, 147.1, 140.4, 138.7, 135.0, 129.4, 126.0, 120.3, 114.6, 111.5, 109.5, 62.5, 13.9. MS: calcd for C~16~H~13~N~2~O~4~ (M + H^+^), 297.1; found, 297.1. Anal. Calcd for C~16~H~12~N~2~O~4~: C, 64.86; H, 4.08; N, 9.46. Found: C, 64.56; H, 4.29; N, 9.36.

### Synthesis of Ethyl 2-(3-Nitro-2-(pyridin-2-yloxy))phenyl-2-oxoacetate (**2f**) {#sec3.1.9}

Purified via column chromatography on silica gel with hexanes--ethyl acetate (v/v = 4:1): white solid, 79.5% yield. mp 75--77 °C. ^1^H NMR (400 MHz, CDCl~3~): δ 8.31 (dd, *J* = 9.2, 1.0 Hz, 1H), 8.22 (dd, *J* = 7.5 Hz, 0.4 Hz, 1H), 8.03 (dd, *J* = 6.7, 1.5 Hz, 1H), 7.83--7.76 (m, 1H), 7.55 (t, *J* = 8.6 Hz, 1H), 7.11--7.03 (m, 2H), 4.13 (q, *J* = 7.8 Hz, 2H), 1.21 (t, *J* = 7.9 Hz, 3H). ^13^C NMR (100 MHz, CDCl~3~): δ 184.7, 163.0, 161.1, 147.0, 146.4, 143.2, 140.3, 135.5, 130.8, 130.6, 125.7, 120.0, 111.1, 62.5, 13.9. MS: calcd for C~15~H~12~N~2~O~6~ (M + H^+^), 317.1; found, 317.2. Anal. Calcd for C~15~H~12~N~2~O~6~: C, 56.97; H, 3.82; N, 8.86. Found: C, 56.78; H, 3.82; N, 8.86.

### Synthesis of Ethyl 2-(4-Methoxy-2-(pyridin-2-yloxy))phenyl-2-oxoacetate (**2g**) {#sec3.1.10}

Purified via column chromatography on silica gel with hexanes--ethyl acetate (v/v = 2:1): brown oil, 83.8% yield. ^1^H NMR (400 MHz, CDCl~3~): δ 8.24 (dd, *J* = 3.2, 1.8 Hz, 1H), 8.02 (d, *J* = 8.8 Hz, 1H), 7.80--7.73 (m, 1H), 7.12--7.07 (m, 1H), 6.99 (d, *J* = 8.3 Hz, 1H), 6.87 (dd, *J* = 6.5, 2.0 Hz, 1H), 6.65 (d, *J* = 2.4 Hz, 1H), 4.41 (q, *J* = 7.2 Hz, 2H), 3.85 (s, 3H), 1.17 (t, *J* = 7.2 Hz, 3H). ^13^C NMR (100 MHz, CDCl~3~): δ 184.7, 165.8, 165.3, 162.4, 156.8, 147.9, 139.9, 132.6, 119.7, 119.2, 112.2, 111.7, 107.0, 61.8, 55.8, 13.9. MS: calcd for C~16~H~16~NO~5~ (M + H^+^), 302.1; found, 302.1. Anal. Calcd for C~16~H~15~NO~5~: C, 63.78; H, 5.02; N, 4.65. Found: C, 63.66; H, 5.15; N, 4.68.

### Synthesis of Ethyl 2-(4-Chloro-2-(pyridin-2-yloxy))phenyl-2-oxoacetate (**2h**) {#sec3.1.11}

Purified via column chromatography on silica gel with hexanes--ethyl acetate (v/v = 4:1): white solid, 76.7% yield. mp 51--53 °C. ^1^H NMR (400 MHz, CDCl~3~): δ 8.25 (dd, *J* = 5.0, 2.0 Hz, 1H), 7.96 (d, *J* = 8.5 Hz, 1H), 7.83--7.77 (m, 1H), 7.33 (dd, *J* = 8.6, 1.9 Hz, 1H), 7.24 (d, *J* = 1.9 Hz, 1H), 7.17--7.12 (m, 1H), 7.00 (d, *J* = 8.4 Hz, 1H), 4.16 (q, *J* = 7.2 Hz, 2H), 1.19 (t, *J* = 7.2 Hz, 3H). ^13^C NMR (100 MHz, CDCl~3~): δ 185.0, 164.2, 161.8, 154.9, 147.9, 141.4, 140.2, 131.7, 125.6, 124.8, 122.5, 120.3, 112.0, 62.1, 13.90. MS: calcd for C~15~H~13~ClNO~4~ (M + H^+^), 306.1; found, 306.0. Anal. Calcd for C~15~H~12~ClNO~4~: C, 58.93; H, 3.96; N, 4.58. Found: C, 58.82; H, 4.10; N, 4.52.

### Synthesis of Ethyl 2-(4-Bromo-2-(pyridin-2-yloxy))phenyl-2-oxoacetate (**2i**) {#sec3.1.12}

Purified via column chromatography on silica gel with hexanes--ethyl acetate (v/v = 4:1): white solid, 86.1% yield. ^1^H NMR (400 MHz, CDCl~3~): δ 8.24 (s, 1H), 7.88 (d, *J* = 8.1 Hz, 1H), 7.79 (t, *J* = 7.4 Hz, 1H), 7.49 (dd, *J* = 6.8, 1.8 Hz, 1H), 7.39 (d, *J* = 1.2 Hz, 1H), 7.13 (t, *J* = 6.1 Hz, 1H), 6.99 (d, *J* = 8.2 Hz, 1H), 4.13 (q, *J* = 7.2 Hz, 2H), 1.17 (t, *J* = 7.2 Hz, 3H). ^13^C NMR (100 MHz, CDCl~3~): δ 185.1, 164.0, 161.5, 154.7, 147.7, 140.1, 131.6, 129.6, 128.4, 125.1, 125.3, 120.2, 112.1, 62.1, 13.7. MS: calcd for C~15~H~13~BrNO~4~ (M + H^+^), 350.0, 352.0; found, 350.1; 352.1. Anal. Calcd for C~15~H~12~BrNO~4~: C, 51.45; H, 3.45; N, 4.00. Found: C, 51.71; H, 3.42; N, 4.11.

### Synthesis of Ethyl 2-(4-Ethoxycarbonyl-2-(pyridin-2-yloxy))phenyl-2-oxoacetate (**2j**) {#sec3.1.13}

Purified via column chromatography on silica gel with hexanes--ethyl acetate (v/v = 4:1): light orange oil, 47.4% yield. ^1^H NMR (400 MHz, CDCl~3~): δ 8.25 (dd, *J* = 5.2, 3.6 Hz, 1H), 8.05--7.96 (m, 2H), 7.89--7.87 (m, 1H), 7.79 (dd, *J* = 8.7, 3.1 Hz, 1H), 7.12 (dd, *J* = 7.3, 1.8 Hz, 1H), 7.01 (d, *J* = 8.0 Hz, 1H), 4.41 (q, *J* = 7.3, 2H), 4.16 (q, *J* = 7.5 Hz, 2H), 1.40 (t, *J* = 7.3 Hz, 3H), 1.14 (t, *J* = 7.5 Hz, 3H). ^13^C NMR (100 MHz, CDCl~3~): δ 185.6, 164.5, 163.7, 162.1, 154.2, 147.7, 140.0, 136.6, 130.7, 129.9, 125.6, 123.5, 119.9, 112.0, 62.2, 61.8, 14.3, 13.8. MS: calcd for C~18~H~18~NO~6~ (M + H^+^), 344.1; found, 344.1. Anal. Calcd for C~18~H~17~NO~6~: C, 62.97; H, 4.99; N, 4.08. Found: C, 63.16; H, 5.16; N, 4.02.

### Synthesis of Ethyl 2-(4,5-Dimethyl-2-(pyridin-2-yloxy))phenyl-2-oxoacetate (**2l**) {#sec3.1.14}

Purified via column chromatography on silica gel with hexanes--ethyl acetate (v/v = 3:1): clear oil, 70.8% yield. ^1^H NMR (400 MHz, CDCl~3~): δ 8.23--8.20 (m, 1H), 7.79--7.72 (m, 2H), 7.08--7.04 (m, 1H), 6.97--6.93 (m, 2H), 4.13 (q, *J* = 7.2 Hz, 2H), 2.32 (s, 6H), 1.16 (t, *J* = 7.2 Hz, 3H). ^13^C NMR (100 MHz, CDCl~3~): δ 185.9, 165.0, 162.7, 152.6, 147.8, 146.3, 139.7, 134.0, 131.2, 123.8, 123.3, 119.4, 111.8, 61.8, 20.6, 19.1, 13.9. MS: calcd for C~17~H~18~NO~4~ (M + H^+^), 300.1; found, 300.3. Anal. Calcd for C~17~H~17~NO~4~: C, 68.22; H, 5.72; N, 4.68. Found: C, 68.29; H, 5.68; N, 4.68.

### Synthesis of Ethyl 2-(5-Chloro-3-methoxy-2-(pyridin-2-yloxy))phenyl-2-oxoacetate (**2m**) {#sec3.1.15}

Purified via column chromatography on silica gel with hexanes--ethyl acetate (v/v = 2:1): brown oil, 83.8% yield. ^1^H NMR (400 MHz, CDCl~3~): δ 8.14--8.10 (m, 1H), 7.76--7.70 (m, 1H), 7.56 (d, *J* = 5.3 Hz, 1H), 7.20 (d, *J* = 5.1 Hz, 1H), 7.06--7.02 (m, 1H), 6.96 (d, *J* = 7.9 Hz, 1H), 4.11 (q, *J* = 7.1 Hz, 2H), 3.74 (s, 3H), 1.18 (t, *J* = 7.2 Hz, 3H). ^13^C NMR (100 MHz, CDCl~3~): δ 185.0, 163.8, 162.4, 152.8, 147.3, 142.3, 139.5, 131.7, 129.0, 121.0, 119.1, 118.6, 110.5, 62.2, 56.5, 13.8. MS: calcd for C~16~H~15~ClNO~5~ (M + H^+^), 336.1; found, 336.0. Anal. Calcd for C~16~H~14~ClNO~5~: C, 57.24; H, 4.20; N, 4.17. Found: C, 57.26; H, 4.38; N, 4.15.

### Synthesis of Ethyl 2-(5-Bromo-3-chloro-2-(pyridin-2-yloxy))phenyl-2-oxoacetate (**2n**) {#sec3.1.16}

Purified via column chromatography on silica gel with hexanes--ethyl acetate (v/v = 4:1): yellow solid, 75.1% yield. mp 74--76 °C. ^1^H NMR (400 MHz, CDCl~3w~): δ 8.13--8.07 (m, 1H), 8.02 (d, *J* = 2.4 Hz, 1H) 7.86 (d, *J* = 1.0 Hz, 1H), 7.81--7.75 (m, 1H), 7.11--7.00 (m, 2H), 4.17 (q, *J* = 7.2 Hz, 2H), 1.21 (t, *J* = 7.1 Hz, 3H). ^13^C NMR (100 MHz, CDCl~3~): δ 183.8, 163.1, 161.8, 149.1, 147.3, 140.0, 138.3, 131.8, 131.0, 130.4, 119.6, 119.0, 110.9, 62.4, 14.0. MS: calcd for C~15~H~12~BrClNO~4~ (M + H^+^), 384.0, 386.0; found, 384.2, 386.2. Anal. Calcd for C~15~H~11~BrClNO~4~: C, 46.84; H, 2.88; N, 3.64. Found: C, 47.10; H, 2.84; N, 3.68.

### Synthesis of Ethyl 2-(1-(Pyridin-2-yloxy)naphth-2-yl)-2-oxoacetate **2o** {#sec3.1.17}

Purified via column chromatography on silica gel with hexanes--ethyl acetate (v/v = 4:1): yellow solid, 78.0% yield. mp 120--122 °C. ^1^H NMR (400 MHz, CDCl~3~): δ 8.09--8.02 (m, 2H), 7.93 (d, *J* = 4.2 Hz, 1H), 7.89--7.80 (m, 2H), 7.79--7.74 (m, 1H), 7.66--7.60 (m, 1H), 7.46 (td, *J* = 7.2, 1.1 Hz, 1H), 7.07--7.01 (m, 2H), 4.22 (q, *J* = 7.1 Hz, 2H), 1.23 (t, *J* = 7.1 Hz, 3H). ^13^C NMR (100 MHz, CDCl~3~): δ 186.3, 164.7, 169.0, 152.4, 147.8, 139.8, 137.0, 129.4, 128.4, 127.3, 127.1, 126.3, 124.6, 124.0, 123.7, 119.1, 110.5, 62.1, 13.9. MS: calcd for C~19~H~16~NO~4~ (M + H^+^), 322.2; found, 322.1. Anal. Calcd for C~19~H~15~NO~4~: C, 71.02; H, 4.71; N, 4.36. Found: C, 70.58; H, 4.69; N, 4.33.

### Synthesis of Diethyl (5-Methoxy-2-(pyridin-2-yloxy))benzene-1,3-diglyoxylate (**4a**) {#sec3.1.18}

Purified via column chromatography on silica gel with hexanes--ethyl acetate (v/v = 4:1): yellow oil, 69.9% yield. ^1^H NMR (400 MHz, CDCl~3~): δ 8.04 (dd, *J* = 5.2, 1.8 Hz, 1H), 7.77--7.71 (m, 1H), 7.67 (s, 2H), 7.06--7.02 (m, 1H), 6.92 (d, *J* = 8.3 Hz, 1H), 4.18 (q, *J* = 7.2 Hz, 4H), 3.94 (s, 3H), 1.23 (t, *J* = 7.2 Hz, 6H). ^13^C NMR (100 MHz, CDCl~3~): δ 184.6, 162.8, 162.4, 156.7, 146.8, 145.6, 140.0, 130.0, 120.8, 119.7, 111.1, 62.5, 56.2, 13.9. MS: calcd for C~20~H~20~NO~8~ (M + H^+^), 402.1; found, 402.2. Anal. Calcd for C~20~H~19~NO~8~: C, 59.85; H, 4.77; N, 3.49. Found: C, 60.11; H, 5.03; N, 3.43.

### Synthesis of Diethyl (2-(Pyridin-2-yloxy))benzene-1,3-diglyoxylate (**4b**) {#sec3.1.19}

Purified via column chromatography on silica gel with hexanes--ethyl acetate (v/v = 4:1): yellow oil, 86.6% yield. ^1^H NMR (400 MHz, CDCl~3~): δ 8.16 (d, *J* = 7.7 Hz, 2H), 8.04 (dd, *J* = 5.1, 2.2 Hz, 1H), 7.80--7.73 (m, 1H), 7.53 (t, *J* = 7.7 Hz, 1H), 7.09--7.04 (m, 1H), 6.95 (d, *J* = 8.3 Hz, 1H), 4.17 (q, *J* = 7.2, 4H), 1.23 (t, *J* = 7.2 Hz, 6H). ^13^C NMR (100 MHz, CDCl~3~): δ 184.6, 162.7, 161.9, 152.0, 149.8, 146.9, 140.2, 136.0, 129.1, 125.7, 123.9, 114.9, 111.2, 62.5, 13.8. MS: calcd for C~19~H~18~NO~7~ (M + H^+^), 372.1; found, 372.1. Anal. Calcd for C~19~H~17~NO~7~: C, 61.45; H, 4.61; N, 3.77. Found: C, 61.31; H, 4.67; N, 3.68.

### Synthesis of Diethyl (5-Bromo-2-(pyridin-2-yloxy))benzene-1,3-diglyoxylate **4c** {#sec3.1.20}

Purified via column chromatography on silica gel with hexanes--ethyl acetate (v/v = 4:1): yellow oil, 86.6% yield. ^1^H NMR (400 MHz, CDCl~3~): δ 8.20 (s, 2H), 8.00 (dd, *J* = 5.0, 1.6 Hz, 1H), 7.76 (t, J = 7.7 Hz, 1H), 7.07 (t, J = 6.1 Hz, 1H), 6.92 (d, 8.3 Hz, 1H), 4.15 (q, *J* = 7.1 Hz, 4H), 1.19 (t, *J* = 7.2 Hz, 6H). ^13^C NMR (100 MHz, CDCl~3~): δ 183.1, 162.1, 161.3, 150.4, 146.7, 140.4, 138.1, 130.8, 120.1, 118.9, 111.1, 62.6, 13.9. MS: calcd for C~19~H~17~BrNO~7~ (M + H^+^), 450.0, 452.0; found, 450.0, 452.0. Anal. Calcd for C~19~H~16~BrNO~7~: C, 50.69; H, 3.58; N, 3.11. Found: C, 50.88; H, 3.65; N, 3.15.

### Synthesis of Diethyl (5-Ethoxycarbonyl-2-(pyridin-2-yloxy))benzene-1,3-diglyoxylate (**4d**) {#sec3.1.21}

Purified via column chromatography on silica gel with hexanes--ethyl acetate (v/v = 2:1): yellow oil, 65.0% yield. ^1^H NMR (400 MHz, CDCl~3~): δ 8.81--8.74 (m, 2H), 8.02 (dd, *J* = 5.0, 1.9 Hz, 1H), 7.82--7.75 (m, 1H), 7.12--7.07 (m, 1H), 6.98 (d, *J* = 8.3 Hz, 1H), 4.47 (q, *J* = 7.3 Hz, 2H), 4.18 (q, *J* = 7.2 Hz, 4H), 1.45 (t, *J* = 7.3 Hz, 4H), 1.24 (t, *J* = 7.2 Hz, 6H). ^13^C NMR (100 MHz, CDCl~3~): δ 183.8, 164.0, 162.2, 161.3, 154.5, 146.7, 140.5, 136.5, 129.5, 128.2, 120.3, 111.2, 62.6, 61.9, 14.3, 13.8. MS: calcd for C~22~H~22~NO~9~ (M + H^+^), 444.1; found, 444.1. Anal. Calcd for C~22~H~21~NO~9~: C, 59.59; H, 4.77; N, 3.16. Found: C, 58.74; H, 4.83; N, 3.18.

Competing Reaction of **1b** and **1f** with Ethyl Chlorooxoacetate {#sec3.2}
-------------------------------------------------------------------

A 50 mL, three-necked round-bottom flask equipped with a condenser was dried and then charged with **1b** (93 mg, 0.5 mmol), **1f** (108 mg, 0.5 mmol), *cis*-Pt(PhCN)~2~Cl~2~ (48 mg, 0.1 mmol), ethyl chlorooxoacetate (0.34 mL, 3 mmol), and anhydrous chlorobenzene (6.0 mL). A drying tube was placed on the top of the condenser, and the mixture was then stirred and heated at reflux for 1 h. The temperature was lowered to 100 °C, and pyridine (1.0 mL) was added dropwise. After stirring it for 30 min, the mixture was quenched with H~2~O (30 mL) and extracted with ethyl acetate (3 × 20 mL). The combined organic solution was washed with water (3 × 20 mL) and brine (1 × 20 mL), dried over Na~2~SO~4~, and concentrated via a rotary evaporator. The crude residue was analyzed by ^1^H NMR, which indicated that the ratio of **2b**/**2f** is 1.8:1 (Figure S22, [Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c00982/suppl_file/ao0c00982_si_001.pdf)). The crude product was purified via column chromatography on silica gel with hexanes--ethyl acetate (v/v = 4:1). The fractions containing both products were combined, and the solvent was evaporated using a rotary evaporator, yellow oil, 121.2 mg, with a combined isolated yield of 42%.

### Synthesis of 4-(3-Methyl-2-(pyridine-2-yloxy))phenyl-4-oxobutanoate (**5**) {#sec3.2.1}

A 50 mL, three-necked round-bottom flask with a condenser was dried and then charged with 2-(2-methylphenoxy)pyridine (93 mg, 0.5 mmol), *cis*-(PhCN)~2~PtCl~2~ (24 mg, 0.05 mmol), ethyl succinyl chloride (0.29 mL, 1.5 mmol), and anhydrous chlorobenzene (3 mL). The mixture was stirred and heated at reflux for 3 h. The temperature was lowered to 100 °C, and the reaction mixture was treated with pyridine (1.0 mL), which was added dropwise. After being stirred for 1 h, the mixture was filtered through a Celite. The filtrate was transferred to a 250 mL separatory funnel, water (20 mL) was added, and the aqueous layer was extracted with ethyl acetate (3 × 20 mL). The organic layers were combined and washed with water and brine, dried over Mg~2~SO~4~, filtered, and concentrated via a rotary evaporator. The product **5** was purified via column chromatography on silica gel with hexanes--ethyl acetate (3:1) as the eluting solvent, yellow oil, 98 mg, 63%. ^1^H NMR (400 MHz, CDCl~3~): δ 8.13 (dd, *J* = 5.0, 1.2 Hz, 1H), 7.74--7.68 (m, 2H), 7.45 (d, *J* = 7.5 Hz, 1H), 7.25 (d, *J* = 7.7 Hz, 1H), 7.00--6.94 (m, 2H), 4.11 (q, *J* = 7.1 Hz, 2H), 3.17 (t, *J* = 6.7 Hz, 2H), 2.60 (t, *J* = 6.7 Hz, 2H), 2.15 (s, 3H), 1.23 (t, *J* = 7.1 Hz, 3H). ^13^C NMR (400 MHz, CDCl~3~): δ 199.5, 172.7, 163.0, 150.0, 147.7, 139.7, 135.0, 132.7, 132.6, 127.6, 125.5, 118.3, 110.6, 60.5, 37.3, 28.6, 16.7, 14.2. MS: calcd for C~18~H~20~NO~4~ (M + H^+^), 315.13; found, 315.14. Anal. Calcd for C~18~H~19~NO~4~: C, 69.00; H, 6.11; N, 4.47. Found: C, 69.04; H, 6.23; N, 4.49.

Competing Reaction of **1b** with Ethyl Chlorooxoacetate and Ethyl Succinyl Chloride {#sec3.3}
------------------------------------------------------------------------------------

A 25 mL, three-necked round-bottom flask equipped with a condenser was dried and then charged with **1b** (93 mg, 0.5 mmol), *cis*-Pt(PhCN)~2~Cl~2~ (12 mg, 0.025 mmol), ethyl chlorooxoacetate (0.028 mL, 0.25 mmol), ethyl succinyl chloride (0.036 mL, 0.25 mmol), and anhydrous chlorobenzene (3.0 mL). A drying tube was placed on the top of the condenser, and the mixture was then stirred and heated at reflux for 30 h. The temperature was lowered to 100 °C, and pyridine (1.0 mL) was added dropwise. After stirring it for 30 min, the mixture was quenched with H~2~O (30 mL) and extracted with ethyl acetate (3 × 20 mL). The combined organic solution was washed with water (3 × 20 mL) and brine (1 × 20 mL), dried over Na~2~SO~4~, and concentrated via a rotary evaporator. The crude residue was analyzed by ^1^H NMR, which indicated that the ratio of **2b**/**5** is 9:1, and the total conversion was calcd to be 41% based on the relative amounts of the products and the remaining reactant (Figure S24, [Supporting Information](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c00982/suppl_file/ao0c00982_si_001.pdf)).

The Supporting Information is available free of charge at [https://pubs.acs.org/doi/10.1021/acsomega.0c00982](https://pubs.acs.org/doi/10.1021/acsomega.0c00982?goto=supporting-info).^1^H and ^13^C NMR spectra ([PDF](http://pubs.acs.org/doi/suppl/10.1021/acsomega.0c00982/suppl_file/ao0c00982_si_001.pdf))
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